INTRODUCTION PURPOSE AND SCOPE OF THE INVESTIGATION
A program of ground-water investigations in Wyoming was begun in November 1940 by the U.S. Geological Survey, in cooperation with the State of Wyoming. As part of this program a study of the ground-water resources of the part of the Bear River valley that is in Wyoming was begun in August 1955 in cooperation with the Wyoming Natural Eesource Board and the Wyoming State Engineer. The primary purpose of the study was to determine the availability of ground water for irrigation and industrial use. Consequently, fieldwork was concentrated on the unconsolidated Quaternary sediments that afford the best possibility of yielding large supplies of water, and little information was collected on the consolidated bedrock formations.
The fieldwork and collection of data for the report were done by the authors under the direct supervision of H. M. Babcock and E. D. Gordon, successive district supervisors of the Ground Water Branch for Wyoming.
VI V2 CONTRIBUTIONS TO THE HYDROLOGY OF THE UNITED STATES
Studies of the quality of water were made under the general supervision of J. G. Connor, district chemist of the Quality of Water Branch for Utah.
LOCATION AND EXTENT OF THE AREA
The Bear River valley is in the southwestern part of Wyoming, east of the Great Salt Lake basin. The Bear River rises on the north flank of the Uinta Mountains in Utah and flows generally northward through Uinta County and part of Lincoln County, Wyo. About 4 miles north of Cokeville, in Lincoln County, the river swings northwest and enters Idaho. It flows north and near Soda Springs, Idaho, turns sharply southwest, reenters Utah about 45 miles farther south, and discharges into Great Salt Lake. The river, whose course is more than 300 miles long, crosses State borders five times and discharges into Great Salt Lake at a point only about 90 miles northwest of its headwaters. Plate 1 shows the Bear River valley in Wyoming. Figure 1 shows the drainage basin of the Bear River and figure 2 shows the location of the area of this investigation and other investigations in Wyoming. This report covers only the part of the Bear River valley that is in Wyoming.
For the purpose of this report, the part of the Bear River valley between the south border of Wyoming and The Narrows, about 15 miles north of Evanston (pi. 1), is referred to as "southern Bear River valley," and the area between the river's reentrance into Wyoming and Border, Wyo., where the river enters Idaho, is referred to as "northern Bear River valley."
PREVIOUS INVESTIGATIONS
Several investigations of the geology and ground-water resources of the general urea made previously have been concerned primarily with the geology and only to a limited extent with the water resources. However, the results of these studies have been very useful in the preparation of this report, and the geology of the area shown on plate 1 was adapted largely from reports of previous workers, as indicated on the map. Veatch (1907) described the geology of part of the Bear River valley in Wyoming and included some data on ground water; the geologic map of southern Bear River valley is adapted from his report. Gale and Richards (1910) described the geology of part of the Bear River valley south of Cokeville in a report on phosphate deposits in southeastern Idaho and adjacent areas. Geologic mapping of the Montpelier quadrangle in Idaho and Wyoming by Mansfield (1927) included part of the Bear River valley north of Cokeville. The
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112° nr FIOURB 1. Map of the northeastern part of the Oreat Salt Lake basin showing the Bear River drainage system and the area covered in this report.
geology of the Eandolph quadrangle in Utah and Wyoming was mapped by Eichardson (1941) . The Wyoming Geological Association guidebook of southwestern Wyoming (1950) contains several papers, road logs, and maps on the geology of the Bear Eiver valley and adjacent areas. The geology (pi. 1) of the northern Bear Eiver valley is adapted from an unpublished map by W. W. Eubey, of the U.S. Geological Survey, who is mapping part of the northern Bear River valley and adjacent areas in the Wyoming overthrust belt.
V4 CONTRIBUTIONS TO THE HYDROLOGY OF THE UNITED STATES in
Surf ace-\vater resources of the Bear River valley have been described in the annual reports on Bear River hydrometric data covering the years 1944-54 by the U.S. Geological Survey. Berry (1955) 
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Bear River valley in this report (pi. 1), and also gave technical assistance in the field. :;; ~ :
METHODS OF INVESTIGATION
Seventy-three wells and springs in the Bear River valley were inventoried in the investigation. The wells were inspected and well drillers and the owners or tenants of property on which the wells or springs are situated were interviewed for information on the wells and the water-bearing formations. The depth to water was measured in most of the wells, and measurements of discharge and drawdown were made, as feasible, of large-capacity wells. Eleven wells tapping the unconsolidated Quaternary deposits were selected for periodic measurements to observe the fluctuations of the water level. Measurements of depths to water made in these wells at irregular intervals between July 1955 and September 1958 are listed in table 2.
Water samples collected from 16 wells and 1 spring were anaylzed by the U.S. Geological Survey Laboratory at Salt Lake City, Utah, to determine the chemical quality of the ground water. Samples of water collected from the Bear River in April, June, and September 1956, and samples from its major tributaries-collected in April 1956, were analyzed to determine the chemical quality of the surface water and its relation to the chemical quality of the ground water.
WELL-NUMBERING SYSTEM
The wells are numbered according to the Federal system of land subdivisions. The well number shows the location of the well by township, range, section, and position within the section as shown on figure 3. The first numeral of a well number indicates the township, the second the range, and the third the section in which the well is located. In the Bear River valley in Wyoming all townships are north of the base line and all ranges are west of the sixth principal meridian. The first letter following the section number denotes the quater section, the second letter the quarter-quarter section, and the third letter, if used, the quarter-quarter-quarter section (10-acre tract). The subdivisions of the sections are lettered a, b, c, and d counterclockwise, beginning in the northeast quarter. Where more than one well is in a 10-acre tract, consecutive numbers, beginning with 1, are added to the well number. Thus, well 13-121-26 bca is in the-NE^SW1^ NW*4 sec. 26, T. 13 K, R. 121W! The numbering system is used also to designate places where surface-water samples were taken for analysis.
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Ranges West The Bear River originates in the Uinta Mountains in Utah and flows northward into Wyoming. The longitudinal profile of the river is steep near its headwaters but flattens greatly within a short distance. The gradient of the river from the south border of Wyoming to Aliny, 3 miles north of Evanston, a distance of 40 river miles, averages 30 feet per mile, but from Almy to the east border of Utah, a distance of 28 river miles, the gradient averages 8.5 feet per mile. In the northern Bear River valley, the gradient averages only 2.1 feet per mile in a distance of 40 river miles. The uplands to the east of the Bear River valley constitute the divide between the drainage basin of Great Salt Lake and the Green River. The uplands to the west are the divide between the circuitous drainage of the Bear River and the direct drainage to Great Salt Lake.
The Bear River valley reaches its maximum width of about 3 miles a few miles north of the south border of Wyoming. (See pi. 1.) The valley narrows to less than a quarter of a mile at Myers Narrows, about 9 miles south of Evanston, and to less than 100 yards at The Narrows, north of Evanston. The northern Bear River valley is generally 1 to 2 miles wide except at The Narrows, north of Cokeville, where it is less than a quarter of a mile wide.
CLIMATE
The climate of the Bear River valley area is semiarid and is characterized by extremes of temperature. Records of the U.S. Weather Bureau for Evanston in the southern Bear River valley show that the mean annual temperature for the period 1931-55 was 39.5° F; the range in mean monthly temperatures for the same period was from 17.1° F in January to 62.5° F in July. The mean annual precipitation was 12.69 inches for the period 1899-1955. The mean growing season (period between killing frosts) for the period 1898-1950 was 88 days.
Mean monthly temperatures at Border, 13 miles north of Cokeville, in the northern Bear River valley, range from 11.4° F in January to 62.9° F in July and the mean annual temperature was 38.2° F for the period 1931-52. The mean annual precipitation for the periods of record (1902-55) was 13.12 inches. The mean growing season averaged 70 days in the period of 1902-50. Figure 4 shows the annual and monthly precipitation at Border and Evanston. Agriculture is the most important industry in the Bear River valley. The major crops are alfalfa and native grass, which are cut for hay and used as livestock feed. Water for irrigation is principally water diverted from the Bear River and its tributaries. Veatch (1907, pi. 2) shows that a large part of the present irrigated land in the valley was also irrigated in 1906. There are no irrigation wells in the southern Bear River valley, but there is one in the Yellow Creek valley southwest of Evanston, and several irrigation wells have been drilled in the northern Bear River valley.
The city of Evanston, population 3,863 in 1950, is the trading center for the southern Bear River valley. It was founded near the coal mines which supplied coal for the Union Pacific Railroad after the Civil War. A branch of the Union Pacific Railroad and U.S. Highway 30 South pass through Evanston and cross the southern Bear River valley.
Cokeville, population 440 in 1950, is the trading center for the agricultural area of the northern Bear River valley. A branch of the Union Pacific Railroad and U.S. Highway 30 North enter the northern Bear River valley west of Sage, pass through Cokeville, and leave Wyoming at Border.
The chief mineral commodity produced in the area is phosphate, which is mined in the Beckwith Hills west of Sage.
GEOLOGIC SETTING
The topography of southwestern Wyoming west of the floor of the Green River basin is characterized by northward-trending mountain ranges, ridges, and valleys that are an expression of the geologic structure. Underlying the area are complexly folded and eastwardthrust rocks of Paleozoic, Mesozoic, and early Tertiary age overlain by only slightly deformed later Tertiary and Quaternary sediments. The north-south belt of mountains and overthrust faults is known as the "overthrust belt of western Wyoming and adjacent States." The Laramide orogeny that produced the folding and faulting began during Cretaceous time and may have lasted into Eocene time. The arching of the Unita Mountains to the south and the deformation of the rocks composing the Wasatch Mountains to the west are also results of this orogeny.
The valley of the Bear River follows approximately the north-south trend of the structures and its width is closely related to the lithology of the rocks in which its original bedrock-floored valley was cut; several narrow places in the valley are bordered by rocks that are more re- 
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sistant to erosion than the rocks bordering the wide stretches of the valley. The topography of the uplands bordering the valley is of two types and is intimately related to the structure and degree of deformation of the underlying rocks. Beds that are folded and faulted and dip steeply have been eroded into ridges and valleys that generally follow the north-south trend of the structures. Sediments deposited after the main part of the Laramide orogeny are not deformed or were only slightly deformed by orogenic movement and form plateaus, tablelands, and benches. Therefore, the surface topography gives a clue to the age of the underlying rocks.
The geomorphic processes active in the formation of the present landscape have been described by Bradley (1936) for the north flank of the Uinta Mountains and the adjacent northern lowlands in the area east of the divide between the Bear River and Green River Basins. The physical and water-bearing characteristics of the sedimentary rocks in the Bear River valley are summarized in table 1; the units that are important aquifers are discussed in greater detail in the section on stratigraphic units and their water-bearing properties (p.VIS).
OCCURRENCE OF GROUND WATER
Ground water is water beneath the land surface in the zone of saturation. It is derived chiefly from precipitation. A large part of the precipitation is carried away by streams as surface runoff; some evaporates from the surface, and the remainder is absorbed by the soil and the underlying material. Some of the water that enters the ground is lost by evaporation and transpiration and some moves downward until it reaches the water table, the top of the zone of saturation, where is becomes ground water. At the water table, the pressure is atmospheric and below it the water is under hydrostatic pressure.
POROSITY AND PERMEABILITY
The alluvial materials underlying the Bear River valley are composed mainly of weakly cemented clay, silt, sand, and gravel. The bedrock formations are composed mainly of claystone, shale, siltstone, sandstone, conglomerate, limestone, and local coal beds which are more consolidated than the alluvial materials.
All these sediments contain interstices or voids between the individual grains, and the volume of the voids depends upon the size, shape, sorting, arrangement, and degree of cementation of the particles composing the sediments. The ratio of the volume of the voids to the total volume of the rock material, expressed as a percentage, is called the 656184 O 63 3 V14 CONTRIBUTIONS TO THE HYDROLOGY OF THE UNITED STATES porosity. When the voids are filled with water the rock is said to be saturated; thus the porosity indicates the amount of water the. material will hold. Well-consolidated rocks generally have lower porosity than unconsolidated or poorly consolidated rocks, and fine-grained materials commonly have higher porosity than coarse-grained materials.
The ability of a rock unit to transmit water, and thus to yield water to wells, is called its permeability. The number, size, and degree of interconnection of the voids governs the permeability. A rock unit capable of yielding water to wells or springs is known as an aquifer. Clay and other fine-grained materials, having small interstices, although commonly of high porosity, transmit water slowly, but coarse sand or gravel, having large interstices, transmits water more rapidly.
WATER-TABLE AND ARTESIAN CONDITIONS
The water table is not a flat or level surface but slopes in general agreement with the slope of the land surface and reflects the topography of the land surface in a subdued manner. That is, the water table generally is higher under high surface areas than under low surface areas but the relief of the water table is less than that of the land surface. The water table rises and falls in response to the amount of water entering or leaving the ground-water reservoirs. The distance between the water table and the bottom of the waterbearing rocks is known as the saturated thickness and varies with the rise and fall of the water table. When the water table rises, the saturated thickness and, consequently, the amount of water in storage in the aquifer increases; when the water table declines, the reverse is true. The water level in wells that tap a water-table aquifer stands at the level of the water table in the aquifer. For this reason, records of the fluctuations of water level in wells for long periods of time are valuable in ascertaining the changes in the amount of ground water in storage. Ground water in the valley fill and other unconsolidated alluvial deposits in the Bear Eiver valley occurs under water-table conditions.
Artesian conditions occur where an aquifer is overlain by a relatively impermeable bed which confines water in the aquifer under hydrostatic pressure. The water level in wells tapping an artesian aquifer is higher than the top of the aquifer; if the pressure is great enough to raise the water above the land surface at the well site the well will flow. A potentiometric surface of an aquifer is an imaginary surface that coincides with the head of water in the aquifer and is analogous to the water table. Ground water in the consolidated bedrock formations of the Bear River valley generally occurs under artesian conditions except in the recharge (outcrop) areas.
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Aquifers under water-table conditions in the Bear River valley are recharged by direct penetration of local rainfall and snowmelt, seepage from streams, and seepage from irrigation canals and irrigated fields. Artesian aquifers in the Bear River valley are recharged by underflow from adjacent areas, by infiltration of precipitation on outcrop areas, by influent seepage from streams crossing the outcrops, and by leakage of water through confining beds.
Ground water is discharged from the zone of saturation by both natural and artificial means. Means of natural discharge include underflow to adjacent areas, evaporation at the land surface, transpiration, and discharge through seeps and springs. Evaporation and transpiration by plants (evapotranspiration) are particularly effective in areas where the water table is near the land surface, mainly during the season when plants are growing actively. Artificial discharge of ground water is through flowing or pumped wells.
If extensive development of ground water for irrigation is undertaken in the Bear River valley in the future, a considerable change in the position of the water table might take place. Additional discharge of ground water by wells would constitute a new discharge superimposed on the existing balanced system of natural recharge and discharge. Before a new equilibrium condition would be established, water levels must decline sufficiently throughout the aquifer to increase the natural recharge or decrease the natural discharge, or both, by the discharge from the wells. In the alluvium, water levels would decline in the vicinity of the pumping wells during the irrigation season but could be expected to recover during the nonpumping season when the ground-water reservoir is replenished by seepage from precipitation and streamflow and by underflow from adjacent areas.
As soon as a pump begins to withdraw water from a well under water-table conditions, the water table in the vicinity of the well is lowered, a hydraulic gradient toward the well is established, and ground water flows toward the well. The water table assumes the form of an inverted cone, with the pumped well at the apex of the cone. The cone of depression spreads laterally as materials farther from the well are dewatered. When pumping begins, the water table in the vicinity of the well lowers rapidly at first, then gradually slows as the cone of depression spreads laterally. The rate of spread depends upon the thickness and permeability of the aquifer and the discharge of the well.
When the pump is shut off, the water continues to flow in the direction of the hydraulic gradient and fills the voids that were dewatered by pumping. Initially, water flows toward the well at a relatively rapid rate, but as the voids become filled and the gradient decreases, the rate of flow decreases, and flow toward the well ceases when the cone of depression is filled. Figure 5 illustrates the cone of depression caused by a pumping well and the drawdown caused in nearby unpumped wells. If wells are closely spaced, mutual interference may lower water levels greatly in nearby wells. If several closely spaced wells are pumped at the same time the mutual interference may greatly increase pumping lifts.
The ratio of the discharge, in gpm (gallons per minute), to the drawdown, in feet, is called the specific capacity, and is a guide to the productivity of the well. For example, a well producing 1,000 gpm at 50 feet of drawdown has a specific capacity of 20; a well producing 2,000 gpm at 50 feet of drawdown has a specific capacity of 40. Specific capacities of wells in the alluvial fill of the Bear River valley range from 17 to 56.
FLUCTUATIONS OF WATER LEVEL
Ten wells tapping the unconsolidated Quaternary sediments and one well penetrating both terrace deposits and bedrock were selected for observation of the water levels. Measurements of the depths to water, made periodically between July 1955 and September 1958, are presented in table 2. The maximum change in water level for the observation period was 10.2 feet in well 16-121-1 lac, which penetrates both terrace deposits and bedrock. The maximum change in wells that tap the alluvium was 9.0 feet in well 23-119-32bd and the least was 1.2 feet in well 23-119-7acc. The fluctuations represent a seasonal change. The highest water levels occur during the growing season when irrigation water replenishes the aquifer. The lowest water levels occur during the winter when water is discharged from the aquifer. 
STRATIGRAPHIC UNITS AND THEIR WATER-BEARING PROPERTIES PRE-TERTIARY BOCKS
The rocks in and along the Bear River valley fall into two general groups: the consolidated bedrock formations, consisting of rocks generally of pre-Tertiary and Tertiary age, and the unconsolidated valley fill and associated deposits of Quaternary age. The consolidated rock is only a minor producer of water in the area; the unconsolidated valley fill contains the most productive aquifers.
The Paleozoic rocks exposed in the Bear River valley are the Wells and Phosphoria formations comprising limestone, sandstone, quartzite, and shale. These formations may be expected to yield small to moderate amounts of water to wells. The only information available on the water-bearing character of these rocks is from Sucker Spring in sec. 26, T. 22 N., R. 120 W. (Harris and Jibson, 1954) . The spring issues from a fissure in Paleozoic rocks and discharges into the Bear River. Its flow on June 23,1954, was reported to be 1.1 cfs (cubic feet per second). However, the flow of the spring varies widely from time to time, as reported field estimates of the flow made from June 10 to August 24,1954, ranged from nil to 2.0 cfs.
The Mesozoic rocks comprise shale, sandstone, and limestone. The more permeable rocks, such as sandstone and limestone, may be expected to yield small to moderate quantities of water. The finegrained rocks, such as the Hilliard shale, generally cannot be expected to yield sufficient water to wells even for domestic use.
The thickness, physical character, and water-bearing properties of the sedimentary rocks in the Bear River valley are summarized in table 1.
Owing to the folding and faulting that has deformed the Paleozoic and Mesozoic rocks, the beds in many areas are discontinuous, dip steeply, and have small outcrop areas. Permeable beds that dip steeply or do not have great areal extent may yield small quantities of water, but the supply is dependent upon local conditions of recharge and may be quite variable. In areas where the permeable beds dip gently and their continuity is not interrupted by faulting, they may yield small to moderate quantities of water to wells. In some areas, depths to water-bearing formations may be so great as to make drilling uneconomical.
TERTIARY ROCKS
Tertiary rocks are exposed extensively in the uplands along the Bear River valley. They include part of the Evanston formation and the Almy, Fowkes, and Knight formations in the southern Bear River
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valley. In the northern Bear River valley the Tertiary rocks are assigned to the Wasatch formation. The Tertiary and older formations were not studied in detail during the investigation, but information from a few wells indicates that small to moderate yields are available from the permeable beds. Small springs commonly issue from these beds where they have been dissected by streams. The springs generally are small swampy depressions on hillsides and provide only small supplies sufficient for livestock.
QUATERNARY SEDIMENTS
Unconsolidated sediments of Quaternary age are represented in the Bear River valley by terrace deposits, stream-channel and flood-plain deposits, alluvial fans, slope wash, and eolian deposits. These sediments are the "valley fill." Figure 6 is a generalized cross section of The valley fill is composed of rock fragments ranging in size from silt to large cobbles. The degree of sorting may be expected to differ greatly from place to place, often within short distances. In some places, coarse and fine materials may be interbedded; in others they may be intermixed. Figure 7 shows an exposure of terrace gravel that may be considered typical of the less well sorted materials. The valley fill is the largest potential source of ground water in the area. It ranges in thickness from a narrow wedge along the margins of the valley to more than 185 feet; the material commonly is coarse and permeable and, except in the terrace and alluvial-fan deposits, the water table generally is close to the land surface. The yield from wells drilled in the alluvium of the Bear River valley will depend on the extent and thickness of the saturated material penetrated, the grain size and degree of sorting, and the availability of recharge. Because of the variations in the factors controlling permeability, yields from wells may be expected to differ greatly from place to place. Well A in figure 6 is a typical well on an alluvial fan and penetrates part of the valley fill. The water table is near the level of the valley floor, and the well obtains most of its water from the underlying alluvial sediments. If this well penetrated the total thickness of the valley fill, it undoubtedly would produce a larger quantity of water and have a larger specific capacity. Well B is on thin eolian deposits overlying the valley fill. The water table is much nearer the surface than in well A, and the well penetrates the total thickness of the valley fill. This well would have the largest specific capacity of the three wells shown. Well C is on a terrace and its location with respect to thickness of alluvium is similar to that of well A. Although it penetrates the total thickness of the valley fill, it would not produce as much water as well A or well B because the saturated section of the alluvium is much thinner at well C.
Slope wash is composed of debris locally derived from weathering of rocks exposed on the valley sides; its character depends upon the rock type from which it was derived. Eolian deposits consist of wind-blown silt and sand that mantle alluvium and bedrock in the northern section of the valley. The slope wash and eolian deposits generally lie above the water table and thus are not aquifers. Slope wash, however, may act as a confining bed for artesian water in the Yellow Creek valley. The eolian deposits are not a source of ground water in the area because they are topographically high and lie above the water table but they may serve as catchment areas for precipitation.
GROUND-WATER CONDITIONS
The order of discussion of the ground-water resources of the alluvial material underlying the Bear River valley is from south to north and is divided into six sections for convenient reference.
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SOUTHERN BEAU RIVER VALLEY BEAR RIVER VALLEY WEST AND SOUTH OF HILLIARD FLAT
There are few wells in the southern Bear River valley west oi Hilliard Flat; therefore, little information is available as to the thickness and type of material underlying the valley. The geologic history sheds some light on the thickness of alluvium to be expected in the valley. Veatch (1907, p. 100 ) regarded the present course of Mill Creek, along the east side of the valley, as the original course of the Bear River and the present course of the Bear River, along the western edge of the valley, as a recently established course. This, together with the fact that low, rounded hills of the Knight formation protrude as islands above the alluvium between the Bear River and Mill Creek, indicates that possibly the thickest deposits of alluvium underlie the east side of the present wide valley. The greatest thickness of the alluvium penetrated by wells in Tps. 12 and 13 N., Rs. 119 and 120 W., is 25 feet at well 12-119-6add2 about three-quarters of a mile east of Mill Creek. The alluvium probably is thicker than 25 feet, as bedrock was not reported to have been reached in this well. Well 12-120-12dda is reported to bottom in bedrock at a depth of 18 feet, but the well is very close to an outcrop of the Knight formation. Well 13-120-35ad was reported to have penetrated 17 feet of coarse alluvium before entering bedrock. Drillers report that most of the material found in drilling wells is gravel, but it probably is gravel mixed with clay and silt in varying proportions.
HILLIARD FLAT
Hilliard Flat is the southwestern continuation of Mammoth Hollow, a long, narrow, topographically low area lying east of the map area and extending southward and south westward from about the latitude of Border, Wyo., to about the latitude of Evanston, Wyo. Its subdued topography is due to the fact that its floor is composed of the Hilliard shale, which is easily weathered and eroded. In Hilliard Flat, however, the shale is mantled by unconsolidated alluvial materials, about 30 feet thick (Veatch, 1907, p. 100) , whose top now lies about 50 feet above the present floor of the Bear River valley. These unconsolidated materials were considered by Veatch, (1907) to be derived from the erosion of the north flank of the Uinta Mountains to the south and to have been deposited by the Bear River as it flowed over Hilliard Flat before occupying its present valley. Logs of wells indicate that the material is mostly unconsolidated gravel, but a layer of cemented gravel (locally called hard pan) has been reported to occur at a depth of about 7 feet. Wells that penetrate the hardpan,
GROUND WATER IN BEAR RIVER VALLEY, WYOMING
V23
which acts as a confining bed, have been reported to flow for a short time.
Hilliard Flat is drained by Sulphur Creek, which flows along the east and north sides of the Flat and enters the Bear River valley through a gap cut in bedrock at the north end of Hilliard Flat.
BEAR RIVER VALLEY BETWEEN HILLIARD FLAT AND EVANSTON
Residents of the area between the north end of Hilliard Flat and Evanston are served by the Evanston municipal water supply; accordingly, few wells have been drilled, and no information is available on the thickness of the alluvium except in the immediate vicinity of Evanston.
The city of Evanston has three public-supply wells that produce water from alluvium to supplement the supply obtained from the Bear River. The deepest well, 185 feet deep, is on the bank of the Bear River, west of the center of the valley. The driller's log of the well shows a total of only 5 feet of clay, the rest of the material l>eing reported as sand and gravel. The well did not reach bedrock ; therefore, the alluvium is more than 185 feet thick at this site. Owing to construction difficulties, the well casing was perforated only from 55 feet to 75 feet, a zone which, according to the driller's log, is composed of 16 feet of gravel, 3 feet of sand, and 1 foot of clay. A specificcapacity test made on this well in 1950 indicated a drawdown of 26.5 feet while the well was discharging 730 gpm, or a specific capacity of 27.5 gpm per foot of drawdown. The water level was 8.48 feet below the land surface before pumping began and the pumping lift was 35 feet. If the casing had been perforated throughout the total depth of the well and the water level had been drawn down farther, it is probable that more than 2,000 gpm would have been obtained. The second city well, 65 feet deep, nearer the west side of the valley, has a specific capacity of 23 gpm per foot of drawdown. The third city well, on the south side of the city, is at the edge of the alluvium. It is 80 feet deep, but no log or construction record is available. The discharge is reported to be 425 gpm, but the drawdown is not known.
Terrace deposits are well exposed along the west borders of the valley southeast of Evanston. No wells are known to produce water from these deposits and no information is available on its waterbearing properties. Figure 7 shows the character of the gravel.
YELLOW CREEK VALLEY
Yellow Creek, which heads southwest of Evanston, flows into the Bear River north of Evanston. Well 15-120-31db, in the Yellow Creek valley, is 100 feet deep, and the owner reports that it penetrates
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50 feet of clay overlying 50 feet of gravel. Much of the clay is slope wash and the gravel possibly is buried alluvium of Yellow Creek. The slope wash acts as a confining bed for artesian water in the alluvium. The well flows at a rate of 60 gpm and is pumped for irrigation at a rate of 320 gpm. The drawdown could not be measured.
BEAR RIVER VALLEY FROM EVANSTON TO THE UTAH STATE LINE
For a distance of about 16 miles from a point north of Evanston to Narrows Hill, the Bear Kiver valley maintains a fairly uniform width of about 1 mile, except for a constriction about half a mile wide about 11 miles north of Evanston. Only shallow stock and domestic wells have been constructed in this section of the valley. It is probable that the alluvium is about the same thickness as near Evanston. Well 36-121-llada is a 28-foot domestic well drilled in the valley fill. The well, which was equipped with a small turbine pump, was pumped at a rate of 11 gpm for 1 hour at the end of which time the water level had lowered 1.55 feet, indicating a specific capacity of about 7 gpm per foot of drawdown. The water level before pumping was 2.67 feet below the land surface. This specific capacity, however, is not repre* sentative of the aquifer as a whole because the well penetrates only the top 28 feet of the aquifer. Wells penetrating a thicker saturated section of the valley fill will yield larger quantities of water and have larger specific capacities.
About 16 miles north of Evanston, in sec. 32, T. 18 N., K. 120 W., the Bear River bends sharply northeast, then swings north and passes west through The Narrows, around Narrows Hill. Beyond, it again enters a broad valley and flows west into Utah. Veatch (1907, p. 100) interpreted the geologic events in this section of the valley as follows: The Bear River originally flowed west of Narrows Hill, Salt Creek flowed southwest through the upper part of The Narrows, and Alkali Creek flowed west through the lower part of The Narrows. The Bear River filled its channel with sediments faster than Salt Creek and Alkali Creek and was deflected up the valley of Salt Creek, where it cut through a low divide and flowed westward down the valley of Alkali Creek on the north side of Narrows Hill.
There is no direct information available regarding the thickness of the alluvium in the former or present channels, but probably the alluvial material in the former channel is comparable in thickness to the valley fill underlying the main valley farther south, and the present narrow channel contains only a small thickness of alluvium.
NORTHERN BEAR RIVER VALLEY
The Bear River reenters Wyoming west of Sage and flows to the Idaho State line in a valley averaging 2 miles in width. About 2 miles GROUND WATER IN BEAR RIVER VALLEY, WYOMING V25 north of Cokeville the valley narrows to one-fourth of a mile for a distance of about one-half mile. The west side of the valley from a point 11 miles south of Cokeville to Cokeville is flanked by coalescing alluvial fans; the largest and best developed fan extends for about. 2 miles along the valley borders.
No wells are known to penetrate the full thickness of the valley fill, but several irrigation wells have been drilled into the valley fill, and logs of these wells provide some information on the type of material encountered. Well 23-120-18bb, on an alluvial fan, penetrated 142 meet of unconsolidated sediments in the fan and the underlying valley fill. It produces 400 gpm with a drawdown of 21 feet at a specific capacity of 19 gpm per foot of drawdown. The static water level in this well, which is on the fan and about 45 feet above the level of the valley floor, is approximately 44 feet below the land surface and is therefore approximately at the level of the valley floor. The water in the alluvial-fan deposits is derived from precipitation on the small drainage basin of the stream that formed the alluvial fan. The stream is influent; that is, it loses w^ater into the materials composing the fan and thus recharges the ground-water reservoir.
Well 23-119-29cd is 150 feet deep but did not penetrate the full thickness of the valley fill. It produces 1,120 gpm with 20 feet of drawdown at a specific capacity of 56 gpm per foot of drawdown.
Well 23-119-Tacc is near the toe of an alluvial fan. It penetrated 117 feet of alluvial material but did not reach bedrock. The well produces 500 gpm with a drawdown of 29 feet at a specific capacity of 17.2 gpm per foot of drawdown.
Well 24-119-5cc, in the town of Cokeville near the center of the valley, penetrated 154 feet of valley fill. The drawdown was 20 feet while the well was pumping 1,120 gpm. The discharge and drawdown is the same as for well 23-119-29cd, 10 miles south, suggesting that the hydrologic properties of the valley fill are fairly constant through this section of the valley. From the available data, it is evident that large quantities of ground water can be obtained from the Quaternary sediments of the Bear River valley.
AVAILABILITY OF GROUND WATER
Ground water in quantities adequate for domestic and livestock use can be obtained from permeable beds in some of the bedrock formations underlying the Bear River valley and adjacent uplands. Ground water in quantities sufficient for irrigation and large-scale municipal or industrial use can be obtained from the unconsolidated Quaternary sediments underlying the Bear River valley. Properly constructed wells penetrating the greatest thickness of the valley fill could be V26 CONTRIBUTIONS TO THE HYDROLOGY OF THE UNITED STATES expected to produce more than 2,000 gpm. It is not possible to determine the volume of ground water in storage in the unconsolidated sediments of the Bear River valley, because the maximum thickness of the sediments is unknown. Data from the Evanston public-supply wells in the southern Bear Kiver valley and irrigation wells in the northern Bear Kiver valley indicate that the maximum thickness is greater than 185 feet. The alluvium consists largely of coarse gravel, and the water table is near the surface; therefore, it is reasonable to assume that a large amount of water is in storage.
The mantle of terrace deposits on Hilliard Flat probably is not thick enough to contain large quantities of water and thus probably would not furnish large sustained yields to wells. The alluvium of the Yellow Creek valley is capable of yielding moderate amounts of water.
In order to locate the thickest and most permeable water-bearing materials in areas underlain by Quaternary sediments, it is advisable to drill test holes before drilling a more expensive large-diameter well. Generally, one or more buried channels that mark the position of the thickest and most permeable water-bearing materials lie beneath the valley fill. The buried channels generally may have a much different course than the present meandering stream. The position of the buried channels is not indicated by the position of the present channel, and their width and extent can be determined most easily by test drilling. Although irrigation wells of sizeable yield have been developed that do not penetrate the full thickness of the valley fill, the greatest yields and largest specific capacities may be expected where the full section is penetrated.
If extensive test drilling is planned, the buried channels may be found with a minimum of test drilling by locating the test holes along lines across the flood plain at approximate right angles to the trend of the valley. Widely spaced test holes along these lines might then be supplemented by additional test holes drilled between those of the initial survey that penetrate the thickest and most permeable water-bearing materials.
CHEMICAL QUALITY OF THE WATER
By JOHN G. CONNOR Samples were collected from 16 ground-water and 9 surface-water sources during the period April [13] [14] [15] [16] [17] [18] [19] 1956 , to obtain information on water quality in the Bear River valley, Wyoming. (See fig. 8 
16-121-lmc
River north of EvonstonX !6-|2t-|3ba !6-l2l-l3bd !6-l2l-24bc FIGURE 8. Map showing ground-and surface-water sampling points in the Bear River valleiy, Wyoming.
that had been sampled in April. The additional stream samples were collected to ascertain whether there were marked differences in chemical quality between high and low flows. 
Northern part. Bear River valley
Bear River at Beckwith 
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The samples collected represent water used mostly for domestic purposes and stock watering. Although no irrigation wells were sampled, water of similar quality is being used for irrigation.
The mineral content and chemical character of the ground water differ generally according to the depth of wells and source. The dissolved-solids content ranges from 290 to 1,770 ppm (parts per million). Excluding the spring sample (23-120-26ab) that contained 824 ppm, only 2 of the 16 ground-water samples contained more than 600 ppm of dissolved solids. All samples had a hardness greater than that usually recommended for satisfactory domestic use (less than 200 ppm as CaCO3 ). Only three samples did not fall within the following recommended maximum limits of concentration of constituents in potable waters (U.S. Public Health Service, 1946).
Constituents
Maximum concentrations (ppm)
Iron and maganese (together)._ _ 0.3 Magnesium (Mg)________ ______ _ 125 Chloride (Cl)_________________________ 250 Fluoride (F)__________________________ 1.5 Sulfate (SO*)_________________________ 250 Dissolved solids________________________ 1 500 1 1,000 ppm permitted If water of better quality Is not available.
The general suitability of a water for irrigation is determined, in part, by two important chemical-quality factors; (1) the total concentration of salts in the water, and (2) the percent sodium, a ratio of sodium ions to the sum of the cations (calcium, magnesium, sodium, and potassium) expressed as a percentage. Thorne and Thorne (1951) have used a combination of these factors and salinity, expressed as specific conductance, and percent sodium to develop a diagram for the classification of irrigation waters. Their diagram indicates the salinity hazard and sodium hazard of a water and also includes the effects of soil texture and drainage in its interpretation, The ground waters sampled (table 3) would be classified for'irrigation, according to Thorne and Thorne, as shown in figure 9 . The interpretation of the diagram is quoted from Thorne and Thorne (1951) as follows:
Clots Rating 1 Water can be used safely on all soils. 2
Can be expected to cause salt problems where drainage is poor and leaching of residual salts from previous irrigation is not consistently practiced. 3
Water can be used on crops having medium to high salt tolerance, on soils of good permeability, and with irrigation practices which provide some leaching. Can only be used in successful farming with crops of high salt tolerance, on permeable and well-drained soils, and with carefully devised and conducted irrigation and soil management practices. Waters are generally unsuitable and should be used for irrigation only under special situations.
Rating
There should be no difficulty from sodium accumulation in soils. . With soils of fine texture that do not contain gypsum or lime, where drainage is poor, and where small quantities of water are applied with each irrigation, there may be some evidence of sodium accumulation but usually not enough to seriously injure soils or crops. Serious sodium accumulation may occur in waters high in carbonates or bicarbonates.
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Group Rating C_____ Serious alkali formation should not occur on permeable soils from sands to silt loams in texture, unless poor drainage, residual carbonates in waters, or limited water use are problems. Fine textured soils must be managed with care to prevent trouble. D______ Some alkali formation should be expected in all soils irrigated with group D waters. Sandy or permeable soils high in gypsum might be irrigated with such waters without highly injurious sodium accumulations. Loams, soils, or soils finer in texture irrigated for some time with waters of class 3D or 4D and then irrigated with water of low salt content would probably puddle and require gypsum treatment for reclamation. E Generally unsatisfactory for irrigation purposes.
Waters of class 1C, ID, and IE can often be improved in quality by treating with gypsum to reduce the sodium percentage.
Only one sample (l7-12G-6ac2 ) indicated a high sodium hazard. The remainder of the samples fall within group A, indicating that there should be no difficulty from sodium accumulation in soils. This is also one of the two samples that fall within class 3, relative to salinity hazard. The remainder of the water samples may be considered good to excellent for irrigation under normal drainage conditions and irrigation practices. Water from well 17-12G-6ac2 appears to be unsuitable for irrigation except under certain conditions, as described in the interpretation of figure 9.
WATER QUALITY IN RELATION TO SOURCE
Differences in mineral content of the ground water in various parts of the Bear River valley are indicated in table 3, which lists the well number, depth of well, geologic source, date sampled, temperature, and chemical analysis, in ppm, of each sample. For comparison of water-quality patterns and ratios of constituents, it is desirable to use the ionic concentrations rather than the concentrations by weight. The ionic concentration expresses the concentration of constituents in terms of a common denominator ( yields a magnesium sulf ate water having the highest concentration of dissolved solids, bicarbonate, and sulfate of all samples analyzed. The high salinity and the character of the water reflect possible recharge from water leaching surficial deposits near the river. The deepest of the four wells sampled, 15-120-21bdd, 65 feet deep, near Evanston, yields a calcium bicarbonate water which is chemically similar, in many respects, to water of the Bear River south of Evanston, the probable source of recharge (table 5) . The differences in source of recharge to the above wells that tap the alluvium are quite apparent when the analyses for wells 16-121-24ad, 9.6 feet deep, and 16-121-24bc, 13 feet deep, are compared. The former is on the east bank of the Bear River and the latter is threequarters of a mile west of the Bear River near an outcrop of Tertiary rocks. Both wells are in the same section and have a difference in depth of only 3.4 feet, yet the water of well 16-121-24ad contains almost six times as much mineral matter as the water from well 16-121-24bc, and their chemical character is distinctly different.
All samples from the alluvium in the northern Bear River valley indicate a calcium bicarbonate type of water. Their range in total mineral content from 285 to 510 ppm of dissolved solids is not as pronounced as in the alluvium of the southern Bear River valley. Twe samples from wells 23-119-32bd and 25-119-33dac, 12 miles apart, are comparatively low in sodium (Na) and chloride (Cl) and show evidence of influent seepage of water from Smiths Fork, which is also low in sodium and chloride. Well 23-119-32bd is near and just below the Covey Ditch Canal, which transports water from Smiths Fork southward, parallel to and just east of the Bear River. The other well is in the flood plain just north of the mouth of Smiths Fork and upgradient from the Bear River. The ratios of constituents of these samples are shown in table 5.
Generally, wells tapping the alluvium upgradient and away from return flow into the Bear River yield water of lower dissolved solids and lower sodium and choride content than those tapping the alluvium near the river's course.
TERRACE DEPOSITS
One sample from a well in the terrace deposits in the northern Bear River valley, 24-119-9bd, 75 feet deep, is a magnesium-calcium bicarbonate-type water that contains a moderate amount of sulfate (SO4 ). Despite the fact that the wells are miles apart, this water differs only slightly in total mineral content from the water in well 16-121-1 lac, 33.9 feet deep, which taps the terrace deposits and Tertiary deposits in the southern Bear River valley. However, the sample from the latter, shallower well contains considerably more chloride than the former. SLOPE WASH One sample from a 21.8-foot well that taps the slope wash in the northern Bear River valley, 24-119-33ac, indicates that water from this geologic source, in this area, may be moderately mineralized and of a magnesium-sodium bicarbonate type with a considerable amount of sulfate.
NUGGET SANDSTONE
A mixed-type water, predominantly sodium-calcium sulfate and.bicarbonate, issues from the Nugget sandstone in a spring, 23-120-26ab, about 10 miles south of Cokeville. This is one of the three sampled waters that is not within recommended limits for potable waters.
PALEOCENE AND EOCENE ROCKS
Well 13-120-25bb, 152 feet deep, near the Mill Creek sampling point in southern Bear River valley, taps the Tertiary deposits and yields a calcium bicarbonate water low in sodium and chloride and almost identical to the water from Mill Creek and Bear River south of Evanston in its ratio of constituents ( A 100-foot well, !7-120-60ac2, near The Narrows at the north end of the southern Bear River valley, yields water containing the highest concentrations of sodium and chloride of all samples analyzed. The chemical character of this sample is quite dissimilar to all the other samples analyzed for this report. An analysis of a second sample from this well at a later date indicated that the original analysis was valid. The chemical quality of this water may be due to local conditions and not representative of a sizable part of the area.
The analysis of a single sample from any of the above geologic sources is insufficient to define the overall chemical character of the water to be yielded by those sources in this area, and gives only an approximate indication of what might be expected.
QUALITY OF SURFACE WATER
The Bear River drains an area underlain by Precambrian metamorphic rocks on the north slopes of the Uinta Mountains of northeastern Utah and flows throiigh an area underlain by Tertiary formations almost to the Wyoming border, and thence through an area of Tertiary and Cretaceous rocks. The water from Mill Creek (13-120-25bc)-and from the Bear River south of Evanston (14-119-30ab) is a calcium bicarbonate type. Seasonal fluctuations in the discharge of the Bear River south of Evanston are accompanied by changes in total mineral content of the water but do not appreciably affect the ratios of the constituents (table 5 and pi. 2). The effect of medium high flows during June was chiefly one of dilution.
Three samples were collected during various stages of flow on the main stem of the Bear River at each of the following locations: south of Evanston (14-119-30ab) and north of 
SUITABILITY OF SURFACE WATER FOR IRRIGATION
All the surface waters sampled are of good chemical quality for irrigation. Only 3 of the 17 samples failed to qualify for the best rating, 1A, by Thorne and Thorne's classification (fig. 9 ) and, of these, 2 were collected during the low-flow period in September (table 4) . Because the ratings of the surface-water samples on the Thorne and Thorne diagram (fig. 9 ) would be very crowded in the lower left-hand corner, a dotted-line boundary, which would enclose all the points, has been drawn on the diagram.
RELATION OF CHEMICAL QUALITY TO STREAMFLOW
Seasonal fluctuations in flow and chemical quality of the Bear River north of are represented graphically on the hydrograph shown in plate 2. This illustration points out the differences in mineral content that generally accompany changes in streamflow during the water year, October 1 to September 30. The spring rise of streams in this area usually occurs during March, April, or May, as water from melting snow swells the streamflow. Superimposed upon this seasonal pattern are the effects of local and general V38 CONTRIBUTIONS TO THE HYDROLOGY OF THE UNITED STATES rainstorms and diversions for irrigation. Streamflow during the late summer, autumn, winter, and early spring season usually is maintained by ground water.
The mineral content of stream water is commonly greatest during low-flow periods because of ground-water contributions and the return flow from irrigation. The mineral content of ground water, as mentioned before, is generally higher than in natural streamflow, owing to the longer contact of ground water with subsurface formations and rocks. Minerals in return flow from irrigation are also generally more concentrated than in natural streamflow because this water has leached some of the minerals from irrigated soils.
During the spring rise of a stream the relatively pure snowmelt water dilutes the more concentrated ground-water inflow until the maximum stage of flow is reached. At this stage runoff from snowmelt constitutes the major part of the streamflow, and residual salts from the previous year's low-flow have been flushed out. During the receding stage, until it is affected by return flow, the water is generally less mineralized than during the rising stage of the stream.
Diversion for irrigation or lack of precipitation, or both, usually result in low streamflow toward the end of summer, and ground-water inflow and return flow again constitute the major part of the flow. The dissolved-solids content of a stream during this period, as would be expected, is generally large. 
RECORDS OF WELLS AND SPRINGS
V42
CONTRIBUTIONS TO THE HYDROLOGY OF THE UNITED STATES
DRILLERS' LOGS OF WELLS
Listed on the following pages are the drillers' logs of 13 wells in the Bear River valley. The locations of these wells are shown on plate 1. The drillers' logs are written logs of wells that were obtained from drillers' records or from other sources, and their terminology is essentially unchanged; however, the geologic interpretations of the logs were made by the authors. 
